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Abstract
Objectives
To analyze trajectories of cataract surgery rates and to confirm the switch between inpatient
cases and day surgery or outpatient cases.
Design
Pooled, cross-sectional, time series analysis.
Methods
Data on 20 European countries from 2004 to 2014 retrieved from the OECD.
Results
The number of cataract surgery cases per 100,000 population has increased since 2004
(b = 31.1, p < 0.001, 95% CI = 26.7, 35.6). A reversal of the inpatient cases and same-day
cases was found: the first ones decreased (b = –14.7, p < 0.001, 95% CI = –17.7, –11.8)
while day surgery and outpatient cases increased (b = 37.5, p < 0.001, 95% CI = 31.6, 43.4,
and b = 8.3, p = 0.001, 95% CI = 3.6, 13.1, respectively). Since 2004, the ratio of day surgery
and outpatient cases to inpatient cases has grown significantly (b = 3.3, p < 0.001, 95% CI =
2.5, 4.0), reaching a share of 31.7 in 2014. However, this slope of 3.3 was not constant and
slowed over the years: from 4.5 per year during the first five years to 1.9 in the second five.
No association was found between cataract surgery rate and two regressors: elderly people,
and health care expenditure per capita.
Conclusion
EU countries have preserved cataract surgery, and this preservation is probably affected by
the switch from inpatient to same-day surgery, thanks to the decrease in the cost and equiv-
alent clinical outcomes. However, the slope of the switch slowed over time. Consequently,
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health care systems must support this process of change especially through reforms in
financial and organizational fields.
Introduction
Cataracts are the leading cause of visual impairment worldwide [1]. A cataract is defined as a
clouding of the eye’s natural lens and is caused by several factors, the most frequent of which is
the natural ageing process.
Quality of life in patients with cataracts is significantly reduced due to impaired vision [2].
Because cataracts occur primarily in older age groups, the accompanying decrease in func-
tional abilities may be wrongly attributed to age-related processes. The only effective treatment
for cataracts is surgical intervention; indeed, neither pharmacological nor dietary interventions
have been shown to stop cataract formation [3].
Cataract surgery consists of removing the lens of the eye because of the presence of cataracts
that are partially or completely clouding the lens and replacing it with an artificial lens. The
use of intra-ocular lenses is now universally accepted as the treatment of choice, giving imme-
diate and better visual rehabilitation than aphakic correction with spectacles. Cataract surgery
has strengths and benefits that have contributed to its inclusion in recent essential surgery lists
[4,5] as well as in the proposed initial surgical package for universal health coverage [6].
According to Ramke, these strengths and benefits lie in the fact that cataract surgery is a
cost-effective intervention that usually restores sight. It can also improve quality-of-life, time-
use, and social status, and it positively impacts on poverty alleviation [7].
Cataract surgery provides a good example of a high-volume surgery that from a medical
point of view should not normally require hospitalization, although there may be some excep-
tions (e.g., people requiring general anesthesia or with severe comorbidities) [8], and it can
now be carried out effectively on a same-day basis. The operation has changed from an inpa-
tient to a same-day surgery thanks to advances in medical technologies, particularly the diffu-
sion of less-invasive surgical interventions and better anesthetics. These innovations have also
improved patient safety and health outcomes for patients and have in many cases reduced the
unit cost per intervention by shortening the length of stay in hospitals.
The goal of this study is to analyze trajectories of cataract surgery rates across 20 EU coun-
tries by discussing the following questions:
a. How has the incidence of cataract surgery changed in 20 EU countries over the 11-year
period 2004 to 2014?
b. How has the cataract surgery rate switched from an operation involving an overnight stay
in hospital (inpatient cases) to an operation performed mainly as day cases (defined as a
patient admitted to the hospital and discharged the same day) or outpatient cases in hospi-
tals or outside hospitals (without any formal admission and discharge)?
c. What association can be found between cataract surgery rate and older people and eco-
nomic parameters?
Previous studies have inspected the issue of same-day cataract surgery rates. However,
these studies focused on rates of a single country [9,10] or analyzed differences in the rates of
many countries or regions and determined the factors influencing them for a single year
[11,12].
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Materials and methods
This study used a pooled cross-sectional time series analysis of secondary data for 20 European
countries during the period 2004 to 2014. These countries and years were chosen based on the
availability of data. The unit of analysis was each country in each year (country-year). The
countries included in the study were the following: Austria, Belgium, Czech Republic, Den-
mark, Estonia, Finland, France, Germany, Hungary, Ireland, Italy, Luxembourg, Norway,
Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, and the United Kingdom.
We obtained official data from the Organization for Economic Co-operation and Develop-
ment (OECD) and Eurostat. The indicators considered here are shown in Table 1, which illus-
trates the definition and source for each of them.
In this study, the term same-day surgery case refers to both day surgery and outpatient
cases. The term outpatient surgery case refers to patients who are not formally admitted in
hospital or in any other health care facility and who are given surgical procedures performed
in outpatient departments in hospitals, in emergency departments or in outside hospitals
(ambulatory sector). The term day surgery case refers to patients who are given invasive surgi-
cal treatment (elective surgeries only) that are carried out in a dedicated surgical unit or part of
a hospital and that lead to discharge on the day of the operation.
Statistical analyses
This study used a pooled cross-sectional time series design to assess the relationship between
dependent and independent variables over an 11-year period. A pooled cross-sectional time
series design is one in which variables for a number of different cross-sections are observed
over a certain time span [13]. The dependent variables are the indicators 1 to 4, while the inde-
pendent variables are the indicators 5 to 7.
We performed a fixed effects linear regression because an ordinary least squares regression
does not yield proper estimates on data containing repeated measures, and the alternative (the
random effects model) was found to be inappropriate for use with these data due to results
obtained from performing a Hausman test [14]. An advantage of fixed effects models is that
they control for time-invariant heterogeneity among countries. Examples of factors potentially
captured in fixed effects models include the following: cultural and historical patterns that
Table 1. Indicators, definitions and data sources.
# Indicator Definition Source
1 Cataract surgery—Total
cases
Number of cataract surgeries per 100,000 population OECD Health
Statistics 2016
2 Cataract surgery—
Inpatient cases
Number of cataract surgeries performed as inpatient cases
per 100,000 population
OECD Health
Statistics 2016
3 Cataract surgery—Day
cases
Number of cataract surgeries performed as day cases per
100,000 population
OECD Health
Statistics 2016
4 Cataract surgery—
Outpatient cases
Number of cataract surgeries performed as outpatient
cases per 100,000 population
OECD Health
Statistics 2016
5 Population aged 65 years
and over
Population aged 65 years and over (%) Eurostat Statistics
6 Total expenditure on
health care
Total expenditure on health care ($ per inhabitant at
constant prices 2005)
OECD Health
Statistics 2016
7 Public expenditure on
health care
Public expenditure on health care ($ per inhabitant at
constant prices 2005)
OECD Health
Statistics 2016
Abbreviations: OECD, Organization for Economic Co-operation and Development.
https://doi.org/10.1371/journal.pone.0192620.t001
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shape social institution and policy systems, value systems that affect citizens’ outlook on life and
illness perceptions, and factors shaping health-seeking behaviors. We also controlled for the pres-
ence of exogenous time trends in both the dependent and independent variables (i.e., time-fixed
effects) by adding dummies to the model for each of the study years except for the first year.
Indicator #4 was excluded from regression analysis because cataract surgeries were per-
formed as outpatient cases in only 8 of the 20 countries during the study period; indicator #7
was excluded because total and public expenditure on health care were strongly correlated
(Pearson’s r = 0.99). The relationship between the remaining dependent and independent vari-
ables was assessed separately, resulting in 6 distinct fixed effects models. This choice was
driven primarily by concerns about model over-fitting and multi-collinearity. The significance
of each independent variable was assessed using robust standard errors due to results obtained
from performing a modified Wald test for group-wise heteroscedasticity in the regression
residuals [15].
For all analyses, the significance level was established at p< 0.05, and list-wise deletion was
used. All data were analyzed using the Stata software package, version 13 (StataCorp. 2013,
Stata Statistical Software: Release 13; StataCorp LP, College Station, TX, USA).
Results
In all 20 European countries, the proportion of individuals over 64 years increased. These
results were confirmed in the fixed effects regression model (b = 0.20, p< 0.001, 95%
CI = 0.18, 0.22). However, there are countries such as Italy where the proportion of elderly
people was higher than 20%, as well as other countries, such as Ireland and Slovakia, where
this proportion did not exceed 15% during the 11-year period (Fig 1).
The number of cataract surgery cases per 100,000 population has increased since 2004 (Fig
2), although in Ireland, Norway and Slovakia, the number has decreased (b = 31.1, p< 0.001,
95% CI = 26.7, 35.6). The increase differs between countries, and in relative terms, the rate of
intervention has grown more in 3 countries: Estonia, Poland and Portugal.
A reversal of the inpatient cases and same-day cases was found. Inpatient cases decreased
(b = –14.7, p< 0.001, 95% CI = –17.7, –11.8), while day surgery cases increased (b = 37.5,
p< 0.001, 95% CI = 31.6, 43.4) (Fig 2). Also, outpatient cases increased (b = 8.3, p = 0.001,
Fig 1. Individuals over 64 years of age (%) in 20 EU countries, year 2004 to 2014. Abbreviations: AUT, Austria; BEL,
Belgium; CZE, Czech Republic; DEU, Germany; DNK, Denmark; ESP, Spain; EST, Estonia; FIN, Finland; FRA,
France; GBR, United Kingdom; HUN, Hungary; IRL, Ireland; ITA, Italy; LUX, Luxembourg; NOR, Norway; POL,
Poland; PRT, Portugal; SVK, Slovakia; SVN, Slovenia; SWE, Sweden.
https://doi.org/10.1371/journal.pone.0192620.g001
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95% CI = 3.6, 13.1), although this setting is present in 8 countries out of 20 (Czech Republic,
Estonia, Finland, Germany, Italy, Luxemburg, Slovenia, and the UK).
Fourteen states showed a switch with a progressive abandonment of cataract surgery in hos-
pitalization, and they showed an increase of patients in day surgery. Italy, Germany, Slovenia
and Czech Republic followed a path of reducing the rate of interventions on an inpatient basis
to initially increase those in day surgery and then encourage those in outpatient settings. In Lux-
emburg, the switch with the reduction of interventions in ordinary hospitalization was compen-
sated by an increase in DH and outpatient cases. Finland and Poland have shown a different
behavior since 2004, because Finland had primarily focused on cataract surgery in DH and then
delivered the patients in an outpatient setting, keeping always inpatient cases very low, while
Poland continued to deliver them on an inpatient basis during the 11-year period analyzed.
Since 2004, the ratio of day and outpatient cases to inpatient cases has grown significantly
(b = 3.3, p< 0.001, 95% CI = 2.5, 4.0), reaching a share of 31.7 in 2014. However, this slope of
3.3 was not constant and slowed over the years, as the significance and the sign of the quadratic
term entered in the regression model demonstrates (b = –0.3, p = 0.043, 95% CI = –0.5, –0.01).
Indeed, during the first five years, the average increase in the number of same-day surgery
cases on the number of inpatient cases was equal to 3.9 per year, while in the second five it was
equal to 1.0 per year. Time trends in the ratio of outpatient and day cases to inpatient cases for
each EU country are presented in Fig 3.
The annual total health expenditure per capita (b = 141.9, p< 0.001, 95% CI = 132.3, 151.5)
and annual public health expenditure per capita (b = 111.4, p< 0.001, 95% CI = 102.2, 120.5)
increased during the 11-year period.
No association was found between cataract surgery rate and the regressors: elderly people,
and health care expenditure per capita (Table 2).
Discussion
This study investigated the change of incidence of cataract surgery in 20 EU countries over an
11-year period and the switch from operations involving an overnight stay in hospital
Fig 2. Total, inpatient, day and outpatient cases of cataract surgery (per 100,000) in 20 EU countries, years 2004
to 2014.
https://doi.org/10.1371/journal.pone.0192620.g002
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(inpatient cases) to operations performed mainly as day cases (defined as a patient admitted to
the hospital and discharged the same day) or outpatient cases in hospitals or outside hospitals
(without any formal admission and discharge). Also, this study investigated the association
between cataract surgery rate and older people and economic parameters.
There are a number of aspects of this study that must be considered before the implications
of the findings can be discussed. The first limitation of this study is that differences observed
in the switch and the number of inpatients, day surgery and outpatient cases may have been
affected by differences in the available data and how cataract surgery cases are accounted for.
Criteria defining the requirements for cataract surgery were not analyzed. Consequently,
the relationship between the need for and the supply of cataract extraction surgery was outside
the scope of this paper.
Fig 3. Ratio of day and outpatient cases to inpatient cases of cataract surgery in 20 EU countries, years 2004 to
2014.
https://doi.org/10.1371/journal.pone.0192620.g003
Table 2. Results of regression analysis.
Total cases Inpatient cases Day cases
Regressor of cataract surgery of cataract surgery of cataract surgery
Per 100,000 Per 100,000 Per 100,000
inhabitants inhabitants inhabitants
% Population 65 years 71.4 29.6 10.2
(38.8) (29.1) (27.5)
Time effect 3.89 4.87 4.43
(<0.001) (<0.001) (<0.001)
R2 0.903 0.910 0.879
Health care expenditure per capita ($) –0.06 0.04 –0.01
(0.09) (0.04) (0.10)
Time effect 6.18 4.23 3.37
(0.002) (<0.001) (0.472)
R2 0.897 0.910 0.879
Notes: Robust standard errors are given in parentheses under the coefficients, and p-values are given in parentheses under the F-statistics of the time effect. Total cases of
cataract surgery include inpatient, day and outpatient cases.
https://doi.org/10.1371/journal.pone.0192620.t002
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Current health information systems in several countries remain incomplete in their cover-
age of same-day surgeries, especially those carried out in settings outside hospitals, and the
absence or insufficiency of data from the private sector may partly explain the different levels
of increase.
In the 11-year period examined, there has been a switch from inpatient surgery to surgical
procedures carried out in an ambulatory setting or a day surgery setting (i.e., same-day) in EU
countries, with the exception of Finland and Poland.
Indeed, our results also emphasize that the ratio of day and outpatient cases to inpatient
cases has grown significantly.
A substantial amount of empirical evidence, demonstrating equivalent clinical outcomes
between inpatient and same-day approaches [16–18] and advances in medical technologies,
particularly the diffusion of less-invasive surgical interventions and better anesthetics, has
made this switch possible [19].
Also, because of the relative scarcity of hospital beds in low-supply countries and the large
reduction in some other countries, as a result of health care reforms, same-day surgery is now
accepted as an alternative that can be used to meet the growing demand for health care. Since
demand is increasing and inpatient capacity is decreasing, day surgery or outpatient surgery
may serve as an alternative to meeting the demand. Of course, there is the question of causality.
Does bed-supply decrease through the availability of alternatives such as same-day surgery, or
is same-day surgery welcomed as a solution for decreasing inpatient capacity? We consider
that same-day surgery acts as an alternative to decreasing the number of hospital beds, leading
to causality running from bed supply to same-day surgery, since the hospital bed number was
low or fell in EU countries even before same-day surgery became more commonplace. In addi-
tion, the hospital bed reductions often resulted from cost containment measures.
This switch may also be effected by economic benefits, especially in a global-budget situa-
tion, where the hospital receives a fixed amount. One of the main advantages of same-day sur-
gery is the lower cost per case compared with inpatient surgery, due to shorter hospital stays,
to a decrease in the time taken to perform surgical procedures and to better use of high-cost
operating room apparatus and supplies.
Our results also emphasize that, during the switch, the growth in the number of same-day
cases over the past 11 years exceeded the reduction in the number of cataract surgeries requir-
ing an overnight stay in hospital. It is possible that the number of total cases has increased
because the health care system expanded the services in geographic areas to meet local needs,
such as in Estonia and Portugal. Also, this result may reflect an expansion effect [19] in surgical
activities, depending on the reduction of the unit cost of such intervention and on the more
productive potential of physicians by shortening the time of delivering procedures. Thus,
many patients can be treated within the same working hours.
This suggestion may be supported by the fact that the countries showing an increase in the
number of cataract procedures had already carried out by 2004 a high number of surgical
procedures.
There is evidence that the switch is reaching a plateau in the EU countries. This slowdown
may suggest that the health care systems cannot decrease the inpatients cases below a certain
percentage, likely because a combination of barriers is going on, such as (i) a lack of high
degree of regulations towards the less expensive same-day surgery that preclude the reimburse-
ment for cases identified as inappropriate for inpatient surgery, and (ii) clinical practice tradi-
tions [11,20].
Also, this slowdown may suggest that the switch entails constructural and organizational
changes in hospital and better primary care organization. Indeed, despite the fact that
the hypotheses that a strong primary care organization and the existence of outpatient
The switch between cataract surgical settings across 20 EU countries
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departments attached to hospitals would favor day surgery were not always confirmed by pre-
vious studies [20–23], it can be stated that same-day surgery requires good organization of and
communication with home care (community nurses, general practitioners) and that construc-
tional changes would be needed where no outpatient wards exist. Consequently, countries
with a poor organization of home care and that are traditionally more oriented towards sec-
ondary care may face problems in implementing same-day surgery [20–23].
For some countries, such as the Slovak Republic, Austria and Hungary, where the share of
same-day-surgery is still relatively low, the switch appeared to be slow. As reported by Gavur-
ova and Soltes [24], some of the factors blocking further expansion of same-day surgery in Slo-
vakia include geographical conditions, the social situation and the lowering prices by 30–50%
compared to prices for regular finished hospitalizations. In Hungary the switch is slow espe-
cially because of national regulations; indeed the government just recently abolished the bud-
get cap on the number of same-day surgery that can be performed in hospital [25].
In Austria, the slower switch may be explained by the fact that, until 2005, the health insur-
ance did not pay for same-day surgery, and the hospitals did not get credits for day surgery.
Meanwhile this has changed, so now hospitals get the same amount of credits for same-day
as for inpatient surgery [11]. Another factor to explain the slower switch was the distance
between surgeon/hospital and patient. In Austria the number of day-care units is still low and
the distribution of ophthalmologists is very uneven. Most of them are concentrated in the
cities, and very few services and contracts for specialists are offered in countryside areas; con-
sequently, a long distance to hospitals and underdeveloped patient support, such as transporta-
tion services and hotels adjacent to the hospitals, influence the ratio of same-day cases [10].
Also, as reported by Kroneman [21], oversupply of inpatient beds still leads to a preference for
inpatient care.
As mentioned above, in Poland no switch was made, and since 2009 inpatient cases have
increased. The reason for this result may be at least threefold. Firstly, since July 2008 all hospi-
tals (public and private) that have contracts with the National Health Fund must classify their
patients using the Jednorodne Grupy Pacjento´w (JGP) in order to receive DRG-based hospital
payment for services they deliver, and inpatient cataract surgery is more advantageous than
the prior system of payment. Secondly, in Poland there is a large number of non-public hospi-
tals, which, by the end of 2007, had increased, while the number of public hospitals had
decreased. Non-public hospitals had every incentive to deliver inpatient surgery. Thirdly, the
average financial remuneration for health care personnel at state hospitals was rather low,
which may have indirectly discouraged employees from increasing their surgical performance
and may have limited the number of surgeries scheduled [26,27].
The switch has particular features in four EU countries (Italy, Germany, Czech Republic,
Slovenia). Indeed, the switch is from inpatient surgery to surgical procedures carried out in an
ambulatory setting.
In Italy, Czech Republic, and Slovenia, the switch includes an intermediate step, from inpa-
tient surgery to day surgery. In Germany, the switch is directed from inpatient to outpatient
surgery. A thrust in this direction may be given by the harmonization of the financial incen-
tives with the process of change. This is a model being used by authorities, such as Italy or Slo-
venia, which has recently put in place regulations that will limit reimbursement for procedures
identified as appropriate for day surgery.
Regression analysis shows that there is no significant association between the percentage of
the elderly population and the number of cataract procedures per 100,000 population. This
result suggests that patients are undergoing intervention at younger ages [9]. However, an
increased percentage of elderly increases the number of cataract surgery procedures—this
result could be explained by an improvement in healthy ageing. A further increase in the
The switch between cataract surgical settings across 20 EU countries
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elderly increases the number of inpatient cases more so than same-day surgery cases, perhaps
because these countries tend to concentrate inpatient services on the most serious cases.
To our knowledge there are very few studies that associate the health care expenditure per
capita and the number of cataract procedures per 100,000 inhabitants in 20 EU countries,
however it seems important to assess whether the total cases of cataracts and the switch
depended on public or total health expenditure.
Our findings show that there is no significant association between the total health care
expenditure per capita and the number of cataract procedures per 100,000 inhabitants. This
result suggests that eye health is prioritized and this result is probably influenced by the fact
that cataract surgery has an increasingly low cost thanks to the switch in same-day surgery. In
addition, there is no significant association between the public health care expenditure per
capita and the number of cataract procedures, and this result suggests that the private sector
does not offset public sector.
In conclusion our study reveals the following: (i) the increasing trend of cataract cases was
continuing to 2014, not only because of the expanding aging population; (ii) in the 11-year
study period, there has been a switch from inpatient surgery to surgical procedures carried out
in same-day setting. This switch was influenced by several factors that played with multiple
weight in the 20 European countries. However, the literature and history of the countries stud-
ied highlight mainly the negative influence of acute-care bed and ophthalmologists density
and the positive influence of financial incentives and regulations on the choice of surgeons.
Also (iii), there was a slowdown in the switch, highlighting that the reversal of the inpatient
cases and same day-cases must be supported over time.
From a medical point of view, a cataract surgery using modern techniques should not nor-
mally require a hospitalization, and inpatient surgery is indicated only in most serious cases
requiring general anesthesia or with severe comorbidities[8]. This stresses the fact that the
switch is primarily depending on non-medical reasons but on decision of health policy makers
who must harmonize interventions to overcome the barriers within the countries.
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